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,QWURGXFWLRQ
7KH GLVVLPLODU PHWDO ZHOGHG MRLQW RI QXFOHDU UHDFWRU SUHVVXUH YHVVHOVDIHHQGV LV D VSHFLDO ZHOGLQJ VWUXFWXUH
UHODWHVWRWKHSULPDU\ORRSRIUHDFWRUSUHVVXUHERXQGDU\DQGLVWKHNH\FRPSRQHQWRIQXFOHDUUHDFWRU7KHGLVVLPLODU
PHWDOLVXVXDOO\XVHGDVDILOOHUPHWDOIRUSUHVVXUHYHVVHOQR]]OHIRUVDIHHQGV%HFDXVHRIWKHGHPDQGIRUGHVLJQDQG
DSSOLFDWLRQLWLVGLIILFXOWWRPDQXIDFWXUHWKLVW\SHRIMRLQWVDQGZHOGLQJIRUWKHGLVVLPLODUPHWDOPD\LQGXFHGHIHFWV
0HDQZKLOHGXHWRFRPSOH[ZHOGLQJWKHUPDOF\FOHZHOGHGMRLQWVXVXDOO\KDYHWKHFKDUDFWHULVWLFRIORZWRXJKQHVV
KLJK ZHOGLQJ UHVLGXDO VWUHVV DQG FRUURVLRQ IDWLJXH FUDFNLQJ LQ VHUYLFH >@ ,Q DGGLWLRQ GXH WR HURVLRQ DQG
FRUURVLRQ WKH VWUXFWXUHRI VDIHHQGZLOO FDXVHSLWV DQGZDOO WKLQQLQJ UHVXOWHG IURP ORFDOPHWDO ORRVLQJ5HFHQWO\
UHVHDUFKIRUVDIHHQGZLWKGHIHFWVPDLQO\IRFXVHVRQGDPDJHDQGIUDFWXUHLQZHOGHGMRLQWV>@7KHUHKDYHEHHQ
PDQ\SXEOLVKHGSDSHUVRQWKHVWUDLJKWSLSHRIORFDOZDOOWKLQQLQJGHIHFWVDQGWKHGHIHFWDVVHVVPHQWPHWKRGVKDYH
EHHQUHSRUWHGLQ WKH$3,>@DQG*%7>@+RZHYHUGXHWRVWUXFWXUHLWVHOIPDWHULDODQGPHFKDQLFDO
SURSHUWLHVWKHDVVHVVPHQWPHWKRGVIRUVWUDLJKWSLSHZRXOGEHQRWXVHIXO6RWKHUHVHDUFKIRUOLPLWORDGRIVDIHHQG
ZLWKORFDOZDOOWKLQQLQJGHIHFWVLVQHFHVVDU\
)LQLWHHOHPHQWFDOFXODWLRQ
2.1. Structures and materials 

)LJ6FKHPDWLFLOOXVWUDWLRQVRIDW\SLFDOVDIHHQGIRUGLVVLPLODUPHWDOZHOGMRLQW
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)LJXUHLVD W\SLFDOGHVFULSWLRQRIQXFOHDUUHDFWRUSUHVVXUHYHVVHOVVDIHHQGDQGGLVVLPLODUPHWDOZHOGHG]RQH
7KH\ DUH PDLQO\ XVHG WR FRQQHFW WKH IHUULWLF VWHHO SLSHQR]]OHV RI WKH SUHVVXUH YHVVHOV VXFK DV UHDFWRU SUHVVXUH
YHVVHOVVWHDPJHQHUDWRUVDQGSUHVVXUL]HUVZLWK WKHDXVWHQLWLFVWDLQOHVVVWHHO VDIHHQG1LFNHOEDVHDOOR\ LVXVXDOO\
XVHGDVDILOOHUPHWDOLQWKLVW\SHRIZHOGHGMRLQWIRULWVWKHUPDOH[SDQVLRQFRHIILFLHQWOD\LQJEHWZHHQWKRVHRIIHUULWLF
VWHHODQGDXVWHQLWLFVWDLQOHVVVWHHO7KHDOOR\FDQDOVRVLJQLILFDQWO\UHWDUGWKHFDUERQGLIIXVLRQIURPWKHIHUULWLFEDVH
PHWDO WR WKHZHOGPHWDO7KHGHVLJQSUHVVXUH LV03DDQG WKH WHPSHUDWXUHUDQJH LVR&7KHZKROH MRLQW
FRQWDLQVPHWDODOOR\VZKLFKDUH$//DQG/ 
%DVHGRQWKHXQLD[LDO WHQVLOH WHVWUHVXOWVRIGLIIHUHQWPDWHULDOV WKHPHFKDQLFDOSDUDPHWHUVIRUFDOFXODWLRQDUH
DFTXLUHG WKHHODVWLFPRGXOXVE LV03DSRLVVRQ
V UDWLRȝ LV WKH VHUYLFH WHPSHUDWXUH LVR&DQG WKH
VWUHVVVWUDLQFXUYHVIRUPHWDODOOR\VDUHVKRZQLQ)LJ$PRQJWKHPWKHPDWHULDOPHFKDQLFVSDUDPHWHUVRI/
DQG/DUHFRQVLVWHQW
2.2. Defect size 
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ILQLWHHOHPHQWFDOFXODWLQJPRGHOVZLWKGLIIHUHQWGHIHFWVL]HVDUHVKRZQ LQ7DEOH7KH ORFDOZDOO WKLQQLQJGHIHFWV
ZRXOGDSSHDULQSRVVLEOHSRVLWLRQVRQHLVORFDWHGDWZHOGHGMRLQWDQGWKHRWKHURQHLVDWSLSHEUDQFK
2.3. FE model 
7KHFRPPHUFLDOVRIWZDUH$%$486LVXVHGWRHVWDEOLVKWKHILQLWHHOHPHQWPRGHO$FFRUGLQJWRWKHV\PPHWULFDO
VWUXFWXUHRIDFWXDOVWUXFWXUHLVVHOHFWHGWRHVWDEOLVKWKHWKUHHGLPHQVLRQDOILQLWHHOHPHQWPRGHO7KHVHWWLQJRI
ERXQGDU\FRQGLWLRQVDQGWKHFRUUHVSRQGLQJORDGDSSOLHGDUHVKRZQLQ)LJDZKHUHWKHIL[HGFRQVWUDLQWLVLQWKH
ULJKWHQGRIUHDFWRUSUHVVXUHYHVVHODQGWKHV\PPHWU\FRQVWUDLQWLVRQWKHSODQHRIV\PPHWU\7KHLQWHUQDOSUHVVXUH
RISLSHVLV03DDQGWKHHTXLYDOHQWD[LDOORDGLVDSSOLHGRQWKHOHIWHQGRISUHVVXUHYHVVHO7KHEHQGLQJPRPHQWLV
DSSOLHGRQUHIHUHQFHSRLQWRIVDIHHQGLQWKHULJKWHQGE\FRXSOLQJPHWKRG&'5LVFKRVHQDVHOHPHQWW\SHRIWKH
PRGHO:LWKWKHFKDQJHVRIZDOOWKLQQLQJVL]HWKHWRWDOQXPEHURIPHVKHOHPHQWYDULHVLQWKHUDQJHRI
DQG WKH WRWDO QXPEHURI FRUUHVSRQGLQJQRGHV FKDQJHV LQ WKH UDQJHRI 7KHZKROHPHVKLQJPRGHO LV
VKRZQLQ)LJEDQG)LJF

D
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)LJ)(ERXQGDU\DQGPHVKD%RXQGDU\E0HVKIRUVDIHHQGZLWKZHOGMRLQWGHIHFWF0HVKIRUVDIHHQGZLWKSLSHEUDQFKGHIHFW
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7KH OLPLW ORDG LV REWDLQHG WKURXJK WZLFH HODVWLF VORSH PHWKRG DV VKRZQ LQ )LJ  ,Q RUGHU WR YDOLGDWH WKH
LQGHSHQGHQW RI ILQLWH HOHPHQW PHVK  GLIIHUHQW PHVK QXPEHU PRGHOV DUH FRPSDUHG DQG DQDO\]HG 7KH DQDO\VLV
UHVXOWVDUHVKRZQLQ)LJDQG7DEOHVKRZLQJWKDWWKHPHVKRIVWXG\KDVQRHIIHFWRQUHVXOWV:KHQHTXLYDOHQW
ORDGpWKHVWUXFWXUHLVRQO\VXEMHFWHGWRLQWHUQDOSUHVVXUHDQGWKHEHQGLQJPRPHQWM :KHQHTXLYDOHQWORDG
p!WKHVWUXFWXUHLVVXEMHFWHGWRLQWHUQDOSUHVVXUHP 03DDQGWKHEHQGLQJPRPHQWM pî03D
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)(UHVXOWVIRUVDIHHQGZLWKORFDOZDOOWKLQQLQJGHIHFWV
3.1. Stress distribution in circumferential path for defect free safe end 
'XHWRWKHREYLRXVGLVWLQFWLRQRIWKHUHVXOWVDFURVVFLUFXPIHUHQWLDOSDWKLQWKHSLSLQJVDIHHQGSDUWDVWKHEHQGLQJ
PRPHQW DSSOLHV IRU WKH FRQYHQLHQFHRI DQDO\VLV WZR SDWKV DUH H[WUDFWHG WR DQDO\]H LQ WKLV VHFWLRQ RQH LV DW WKH
ZHOGHGMRLQWDQGWKHRWKHULVDWWKHSLSHEUDQFKVKRZQLQ)LJ

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 D E
)LJ6WUHVVGLVWULEXWLRQLQFLUFXPIHUHQWLDOSDWKIRUGHIHFWIUHHVDIHHQGD3DWKE3DWK
)LJXUH LV WKH VWUHVVGLVWULEXWLRQ DORQJFLUFXPIHUHQWLDO SDWK IRUGHIHFW IUHH VDIH HQG5HVXOWV VKRZ WKDW DV WKH
EHQGLQJPRPHQWLQFUHDVHVVWUHVVYDULHVDSSDUHQWO\DWWKHZHOGHGMRLQWZKLOHYDULHVDOLWWOHQHDUSLSHEUDQFK:KHQ
VXEMHFWHGWRRQO\LQQHUSUHVVXUHVWUHVVHVGLVWULEXWHHYHQO\DWWKHZHOGHGMRLQWDQGVWUHVVQHDUSLSHEUDQFKZLOOILUVWO\
GHFUHDVHDQGWKHQLQFUHDVH7KLV LVEHFDXVHRI WKHLQIOXHQFHRI ORFDOVWUHVVFRQFHQWUDWLRQQHDUSLSHEUDQFK$VWKH
DSSOLHGEHQGLQJPRPHQWLQFUHDVHVUHVXOWVFKDQJHREYLRXVO\LQWKHWHQVLOHVHFWLRQDWWKHOHIWHQGRIZHOGHGMRLQWV,W
FDQEHGHVFULEHGWKDWWKHFKDQJHGHFUHDVHVDORQJWKHSDWKGLUHFWLRQZKLOHWKHFKDQJHVHHPVXQFRQVSLFXRXVDORQJ
WKHZKROHSDWKQHDUSLSHEDVHV
3.2. Stress distribution in circumferential path for safe end with local wall thinning defects 
7KHVWUHVVGLVWULEXWLRQLQSDWKDQGSDWKRIORFDOZDOOWKLQQLQJDUHVKRZQLQ)LJVDQG$FFRUGLQJWRVWUHVV
GLVWULEXWLRQVLQWKHVHILJXUHVUHVXOWVFDQEHREWDLQHGDVIROORZV6WUHVVDWORFDOZDOOWKLQQLQJVHFWLRQLVZKROO\KLJK
DQGLQFUHDVHVZLWKORFDOZDOOWKLQQLQJLZKHQWKHSXUHSUHVVXUHLVDSSOLHG7KLVLVGXHWRWKHGHFUHDVHVRIWKLFNQHVV
6WUHVV ULVHV VKDUSO\ DQG WKHQ GURSV VKDUSO\ ZKLFK LV GXH WR WKH VWUHVV GLVWULEXWLRQ FRQGLWLRQ LQ GLVFRQWLQXRXV
SRVLWLRQVVRIFRPSRQHQWV)RUVWUXFWXUHVZLWKORFDOZDOOWKLQQLQJWKHHIIHFWVRIWKHLQFUHDVLQJEHQGLQJPRPHQWRQ
VWUHVV GLVWULEXWLRQ LV YHU\ REYLRXV 7KH WHQVLOH SDUW DW WKH OHIW HQG RI VDIH HQG LV GDQJHURXVZKLFK LVZHOOZRUWK
LQYHVWLJDWLRQ%HQGLQJPRPHQWLVWKHPDLQORDGLQIOXHQFLQJOLPLWORDG

       










.1P
.1P
.1P
0
LV
HV
V
WUH
VV
0
3D
&LUFXPIHUHQWLDOGLVWDQFHPP
       











.1P
.1P
.1P
0
LV
HV
VW
UH
VV
0
3D
&LUFXPIHUHQWLDOGLVWDQFHPP

 D E
1541 J. Li et al. /  Procedia Engineering  130 ( 2015 )  1535 – 1543 
       










.1P
.1P
.1P
0
LV
HV
VW
UH
VV
0
3D
&LUFXPIHUHQWLDOGLVWDQFHPP
       











.1P
.1P
.1P
0
LV
HV
VW
UH
VV
0
3D
&LUFXPIHUHQWLDOGLVWDQFHPP

 F G
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6WUHVVGLVWULEXWLRQLQFLUFXPIHUHQWLDOSDWKIRUVDIHHQGZLWKSLSHEUDQFKGHIHFWVDDW Fʌ 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1542   J. Li et al. /  Procedia Engineering  130 ( 2015 )  1535 – 1543 
3.3. Limit loads for safe end with local wall thinning 
)LJXUHGHSLFWV WKH UHVXOWVRI OLPLW ORDG IURP)(FDOFXODWLRQ7KH UHVXOWV VKRZ WKDW WKH OLPLW ORDGGHFUHDVHV
ZLWK WKH VL]H RI GHIHFWV LQFUHDVLQJ LQ JHQHUDO DQG WKH OLPLW ORDGZLWK GHIHFWV LV EHORZ WKRVHZLWKRXW GHIHFW ,Q
DGGLWLRQ ZKHQ ORFDO ZDOO WKLQQLQJ GHSWK LV UHODWLYHO\ VKDOORZ WKH FKDQJH RI OLPLW ORDG ZLWK WKH WKLQQLQJ VL]H
LQFUHDVLQJ IRU WKH KRRS GLUHFWLRQ LV OLPLWHG ZKHQ WKLQQLQJ GHSWK LV UHODWLYHO\ ODUJHU WKHUH DUH PRUH VLJQLILFDQW
LQIOXHQFHVRQWKHOLPLWORDG7KHUHIRUHWKHWKLQQLQJGHSWKLVWKHPDLQIDFWRUDIIHFWLQJWKHOLPLWORDGDQGLWVKRXOGEH
SDLGSDUWLFXODUDWWHQWLRQWRVDIHHQG
'HWDLOHGFRPSDULVRQRIWKHUHVXOWVVKRZVWKDWWKHOLPLWORDGDWZHOGHGMRLQWVLVVHQVLWLYHWRWKHVL]HRIWKLQQLQJ
GHIHFWV)RUH[DPSOHIRUWKHVDPHRIWKLQQLQJVL]HWKHOLPLWORDGRIZHOGHGMRLQWLVORZHUWKDQWKDWRISLSHEUDQFK
WKH GLIIHUHQFH LQFUHDVHVZLWK LQFUHDVLQJ WKH GHSWK RI WKH WKLQQLQJ7KH UHDVRQ IRU WKH GLIIHUHQFH LV WKH FRPELQHG
PDWHULDO
VDQGVWUXFWXUHVGLVFRQWLQXRXVQHVVDWZHOGHGMRLQW ,QFRQFOXVLRQVL]HRI WKLQQLQJDWZHOGVKRXOGEHSDLG
DWWHQWLRQHVSHFLDOO\IRUWKLQQLQJGHSWK
)RU WKH ORFDOZDOO WKLQQLQJRIZHOGHG MRLQWVEDVHGRQ WKH)(UHVXOWV WKH OLPLW ORDGRIVROXWLRQ LVSURSRVHGE\
ILWWLQJ
   caG D E  
ZKHUHG M/M/M/GHQRWHV WKHOLPLWPRPHQWRIVDIHHQGZLWKRXWGHIHFWM/GHQRWHV WKHOLPLWPRPHQWRIVDIH
HQGZLWKORFDOZDOOWKLQQLQJGHIHFW
)RUWKHORFDOZDOOWKLQQLQJRIWKHSLSHEUDQFKEDVHGRQWKH)(UHVXOWVWKHOLPLWORDGRIVROXWLRQLVSURSRVHGE\
ILWWLQJ
   caG a b  
7KHPD[LPXPHUURURIUHJUHVVLRQLVZLWKLQ7KHFRUUHODWLRQFRHIILFLHQWVDUHDQGUHVSHFWLYHO\
7KLVVKRZVWKDWWKH)(UHVXOWVDUHFORVHWRWKHSUHGLFWHGUHVXOWV
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 D  E
)LJ/LPLWORDGVIRUVDIHHQGZLWKGLIIHUHQWGHIHFWVL]HVD:HOGMRLQWGHIHFWVE3LSHEUDQFKGHIHFWV
&RQFOXVLRQV
7KHGHWDLOHGUHVHDUFKRQVWUHVVGLVWULEXWLRQDQGOLPLWORDGRQVDIHHQGRIGLVVLPLODUVWHHOZHOGMRLQWZKLFKKDV
ORFDOZDOOWKLQQLQJGHIHFWVKDVEHHQPDGH5HVXOWVVXJJHVWWKDWWKHEHQGLQJORDGKDVSDUWLFXODUVLJQLILFDQWHIIHFWVRQ
WKHVWUHVVGLVWULEXWLRQDQGWKHVDIHHQGRIGLVVLPLODUPHWDOZHOGHGMRLQWVLVDGDQJHURXVDUHD$FFRUGLQJWRWKHOLPLW
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ORDGUHVXOWVRIILQLWHHOHPHQWVLPXODWLRQWKHFLUFXPIHUHQWLDOWKLQQLQJGHSWKKDVOLWWOHLQIOXHQFHRQWKHOLPLWORDGDQG
WKHWKLQQLQJGHSWKLVWKHPDMRUIDFWRUDIIHFWLQJWKHOLPLWORDG 
/LPLWORDGLQWKHZHOGHGMRLQWVLVPRUHVHQVLWLYHWRWKLQQLQJGHSWK7KHWKLQQLQJGHSWKRQZHOGVQHHGVVSHFLDO
DWWHQWLRQLQHQJLQHHULQJDSSOLFDWLRQHVSHFLDOO\WKHGHSWKRIWKLQQLQJVKRXOGEHVWULFWO\FRQWUROOHG
(VWLPDWHGVROXWLRQVIRUVDIHHQGZLWKORFDOZDOOWKLQQLQJDUHSURSRVHGDFFRUGLQJWRILQLWHHOHPHQWGDWDZKLFK
FDQEHXVHGWRWKHVDIHDVVHVVPHQWRIVDIHHQGZLWKORFDOZDOOWKLQQLQJ
5HIHUHQFHV
>@ 06DPDO.%DODQL06HLGHQIXVV$Q([SHULPHQWDQG1XPHULFDO,QYHVWLJDWLRQRI)UDFWXUH5HVLVWDQFH%HKDYLRURID'LVVLPLODU0HWDO
:HOGHG-RLQW0HFK(QJ6FL
>@ $&KRULQ&UDFNLQ:HOG$UHDRI5HDFWRU&RRODQW6\VWHP+RW/HJ3LSLQJDWY&,*&
>@ $ -HQVVHQ . 1RUUJDUG - /DJHUVWURQ $VVHVVPHQW RI &UDFNLQJ LQ 'LVVLPLODU 0HWDO :HOGV 3URFHHGLQJV RI WK ,QW 6\PS 2Q
(QYLRQPHQWDO'HJUDGDWLRQRI0DWHULDOVLQ1XFOHDU3RZHU6\VWHPV:DWHU5HDFWRUV0LQOLDSROLV86$SS
>@ *)/L*-/L.:)DQJ6WUHVV&RUURVLRQ&UDFNLQJ%HKDYLRURI'LVVLPLODU0HWDO$0O/LQ6LPXODWHG3:53ULPDU\:DWHU
(QYLURQPHQWWK,QW6\PSRVLXPRQ0DWHULDOVDQG5HOLDELOLW\LQ1XFOHDU3RZHU3ODQWV6KHQ\DQJ&KLQD$SULO
>@ =:/LX*=:DQJ)=;XDQ&-/LX677X6WXG\RQ)DLOXUH$VVHVVPHQW&XUYHVIRU6DIH(QGRI1XFOHDU3UHVVXUH9HVVHOV
1XFOHDU3RZHU(QJLQHHULQJLQ&KLQHVH
>@ 0:HL * =:DQJ ) = ;XDQ 6 7 7X & - /LX /HDNEHIRUHEUHDN DQDO\VLV RI D GLVVLPLODU PHWDO ZHOGHG RYHUOD\ VWUXFWXUH IRU
FRQQHFWLQJSLSHQR]]OHRIQXFOHDUUHDFWRUSUHVVXUHYHVVHOWRVDIHHQG1XFOHDU7HFKQLTXHVLQ&KLQHVH
>@ 1*RQJ*=:DQJ)=;XDQ677X/HDNEHIRUHEUHDNDQDO\VLVRIDGLVVLPLODUPHWDOZHOGHGMRLQWIRUFRQQHFWLQJSLSHQR]]OHLQ
QXFOHDUSRZHUSODQWV1XFOHDU(QJLQHHULQJDQG'HVLJQ
>@ /<'X*=:DQJ)=;XDQ677X(IIHFWVRI ORFDOPHFKDQLFDO DQG IUDFWXUHSURSHUWLHVRQ/%%EHKDYLRURIDGLVVLPLODUPHWDO
ZHOGHGMRLQWLQQXFOHDUSRZHUSODQWV1XFOHDU(QJLQHHULQJDQG'HVLJQ
>@ +7:DQJ*=:DQJ)=;XDQ677X$QH[SHULPHQWDO LQYHVWLJDWLRQRI ORFDO IUDFWXUH UHVLVWDQFHDQGFUDFNJURZWKSDWKV LQD
GLVVLPLODUPHWDOZHOGHGMRLQW0DWHULDOVDQG'HVLJQ
>@ +7:DQJ*=:DQJ)=;XDQ&-/LX677X/RFDOPHFKDQLFDOSURSHUWLHVRIDGLVVLPLODUPHWDOZHOGHGMRLQWLQQXFOHDUSRZHU
V\VWHPV0DWHULDOV6FLHQFH	(QJLQHHULQJ$
>@ +7:DQJ*=:DQJ)=;XDQ677X)UDFWXUHPHFKDQLVPRIDGLVVLPLODUPHWDOZHOGHGMRLQWLQQXFOHDUSRZHUSODQW(QJLQHHULQJ
)DLOXUH$QDO\VLV
>@ $3,$60())6)LWQHVV)RU6HUYLFH
>@ *%76DIHW\DVVHVVPHQWIRULQVHUYLFHSUHVVXUHYHVVHOVFRQWDLQLQJGHIHFWVLQ&KLQHVH
>@ $60( 5XOHV IRU FRQVWUXFWLRQ RI QXFOHDU IDFLOLW\ FRPSRQHQWV 1HZ<RUN 86$$60(%RLOHU DQG 3UHVVXUH9HVVHO &RGH &RPPLWWHH
6HFWLRQ,,,1%$60(

